Objectives: Artificial insemination (AI) is the introduction of spermatozoa into a female's uterus or cervix for the purpose of achieving pregnancy. It is a fertility treatment for humans, in animal breeding and embryo-fetal developmental studies. This study investigated the embryo-fetal development in the rabbit via artificial insemination by evaluating the litter size, reproductive data and external morphological abnormalities after insemination.
Introduction
Artificial insemination (AI) can be defined as the deliberate action of introducing sperm into the female's reproductive tract (uterus or cervix) to achieve pregnancy by means other than sexual intercourse for infertility treatment in humans and also for animal breeding. The increase in density of gametes at the fertilization sites during artificial insemination has been the rationale behind the process. The improvement in selection differential was accomplished by mating thousands of females with a highly virile male, thereby maintaining the flow of genes through different generations. [1] Genetic improvement rate in farm animals helped to increase animal productivity thereby seeking the further adoption of this technique. [2] The significance of this technique includes prolonging fertility during harsh times of the year, better breeding programs, favorable gene selection, health monitoring improvements and finally cycle-based production. [3] In Nigeria different methods of controlled mating has played a minor role thereby, bringing a slow development of AI in the country. Few reports of AI have been documented in different animals, e.g. in cattle, [4] sheep, [5] pigs, [6] turkeys, [7] and poultry animals. [8] The use of rabbit AI has become a common practice in the world, leading to changes in operation of farm management, life style improvement of farmers and finally an increase in farm productivity. Administration of exogenous substances such as the use of gonadotrophin releasing hormone (GnRH) to induce ovulation is needed during the process of AI. [9] Ovulation in the rabbit does not occur sponta-neously but through a neurohormonal reflex initiated during coitus. Ovulation can be induced artificially in the absence of a buck, and the most frequently used ovulation inductor is the use of a synthetic analogue or intramuscular injection of GnRH. Hormonal substances like human chorionic gonadotrophin (HCG) and luteinizing hormone (LH) could serve as ovulation inductors in does alternatively. However, failure to induce ovulation could occur as a result of antibody formation due to repeated injection of these hormonal substances. [9] AI in rabbits is usually done with fresh semen, yielding pregnancy rates similar with natural mating. [10] In recent years, extensive studies have been carried out to determine the effect of natural and artificial mating on reproductive traits between two breeds of rabbits, semen parameters, effects of hormonal treatments on artificial mating, etc. Therefore, this study aims to evaluate the possible embryo-fetal developmental studies in rabbits artificially inseminated with semen from the cauda epididymis compared to those mated naturally proffering solutions and provide insights into various aspects of reproductive health.
Materials and Methods
Ten (10) nulliparous adult female New Zealand White, California White and Chinchilla rabbits with an average weight of 1.8 kg and three adult male New Zealand white rabbits purchased from Ladoke Akintola University of Technology, Ogbomosho, Oyo State were used. Animals were put in separate cages (2 does per cage while the bucks were housed separately) and housed at the Department of Agriculture Rabbtry, University of Ilorin, at normal room temperature and maintained under 12 hours light/12 hours dark cycle. They were fed pelletized growers feed from Ogo Oluwa Feed Mills Limited, Ilorin, Kwara State containing 15% crude protein, 7% fat, 10% crude fibers, 1% calcium, 0.35% phosphorus, Tridax plant and Potato leaves as supplements. Clean drinking water was provided and a hygienic environment ensured.
The animals were grouped into two: Group A served as the natural mating group consisted of a buck and 5 does. Group B served as the artificial insemination group, consisting of 2 bucks and 5 does. Semen preparation for Group B was from cauda epididymis of the bucks in that group. Bucks in Group B served as semen donors while the does served as semen recipients.
The receptivity of does was evaluated by the color of the vulva method. Vulva was examined to determine the presence of red or pink coloration just before the artificial insemination which indicated a receptive rabbit. A purple or white colouration indicated a non-receptive rabbit.
The bucks were anaesthetized with ketamine injection and an abdominopelvic incision was made on the left scrotum exposing the reproductive organs of the bucks. The testes, cauda epididymis and some part of the vas deferens were removed and later discarded after use. The bucks were sutured back after incision and lidocaine powder was applied to the sutured area to prevent spread of infection and aid healing respectively.
The semen was collected from the testes, cauda epididymis and some part of the vas deferens, and the bucks were sutured back after incision. The left epididymis was dissected in 10 ml of normal saline maintained at a temperature of 38°C, while semen was retrieved from the vas deferens via flushing with normal saline. 1-1.5 ml of the sperm suspension was diluted to a total of 20 ml with sterile normal saline at a temperature of 38°C.
Macroscopic parameters included examination of semen colour, smell and analysis of sperm pH. A normal sperm sample has a homogeneous white opalescent appearance. Dark, yellow or other abnormal semen samples were discarded.
Microscopic parameters like sperm concentration, motility, live/death ratio were measured. Sperm concentration was determined using a haemacytometer (Neubauer chamber). This method is commonly employed to determine the sperm concentration in rabbit semen at the beginning of AI procedure. [11] The semen used in the artificial insemination was collected from the bucks and was considered having satisfactory quality. At the day of insemination (1st day of AI), the color of vulva was examined and for the does that were accepted as receptive, AI was performed. AI was performed using an angled catheter connected to 2 ml inseminating syringe with a bent shaft at the end [12] as shown in Figure 1a . Prior to insemination, the animals were held in a supine position (Figure 1b) after it was discovered that this position was more convenient as described by Mroueh and Mastroianni. [13] A dose of AI contained an average of 5-6 × 10 6 million spermatozoa and each doe received 0.5 ml of the semen suspension into their vagina. Immediately after artificial insemination, each doe received 0.1 ml/10 IU of HCG intravenously to induce ovulation via the marginal ear vein. [9] The day of insemination was accepted as Day 0 of gestation. Fourteen days after artificial insemination, pregnancy diagnosis was performed by hand palpation.
It should be noted that the time taken to complete semen collection from the cauda epididymis to the termination of artificial insemination in the does was completed in less than 45 minutes. Therefore, the condition of the animals, period of artificial insemination and time taken could be arbitrarily controlled in contrast with semen collection using an artificial vagina which takes an average of 1-2 hours as reported by Kim et al. [14] On day 28 of gestation, the dams were anaesthetized with ketamine and subjected to caesarean section. The ovaries and uterus were examined for the following: implantation sites, total number of resorption sites, uterine gravid, weight of foetuses, sex ratio, total number of foetuses and placental weights. Live foetuses were examined for external morphological abnormalities. External morphological findings are classified as developmental malformations and have been used by researchers in an internationally developed glossary for structural developmental abnormalities in laboratory mammals. [15] Implantation sites were viewed by the application of a drop of ammonium sulphide (NH4)2S solution on the animal's placenta and left for a day to view dark implantation rings signifying the number of implantation sites. The ovaries were excised and fixed in Bouin's fluid for corpora lutea count. The excised ovaries were placed inside a tissue cassette and then subjected to the manual routine tissue processing procedure as explained below. Ovarian tissues were subjected to the processes of fixation, dehydration, clearing, infiltration, embedding, sectioning, staining, mounting and examination on glass slides as described by Drury and Wallington. [16] The tissues were trimmed down to sizes of 3 μm thick using a microtome.
The experimental protocol was approved by the University ethical review committee, University of Ilorin, Ilorin, Nigeria. The research was in compliance with the University of Ilorin Animal Care and Use committee (UIACUC).
Data from both groups were statistically analysed using Student's t-test followed by subsequent analysis by GraphPad Prism version 5.01 for Windows (GraphPad Software, San Diego, CA, USA) with statistical significance set at p<0.05.
Results

Changes in body weight
The body weight of animals in Group A and B were on a continuous rise over the period of confirmed pregnancy, but a significant increase (p<0.05) in their body weight at day 7, day 14, day 21 and day 28 of pregnancy was observed in Group B compared to Group A (Figure 2 ).
Reproductive data
Reproductive data from Group A and Group B are shown in Table 1 . A 100% conception was observed in Group A, while in Group B a 80% conception rate was recorded.
Abortion was observed in one doe on day 21 of gestation in Group B, while none was observed in Group A. Thus, the reproductive data showed better results in Group A compared to Group B. 
Caesarean section data
Following caesarean section, more male and female rabbits were recorded in Group B compared to Group A ( Table 2 ). The number of foetuses examined in Group B (34) was slightly higher compared to Group A (28) . The total number of resorption increased significantly (p<0.05) in Group B (8) compared to Group A which recorded a low resorption number (2) . No external abnormalities were recorded in both groups.
Embryo-fetal developmental studies
Following caesarean section, embryo-fetal developmental studies carried out for Group A and Group B showed that a significant increase in parameters like total number of fetuses (Figure 3) , number of implantations and total number of live foetuses and total resorption sites in Group B compared to Group A (p<0.05). There was no significant increase in parameters like average fetal weight (g), placenta weight (g), uterine gravid (g) (i.e. total fetal weight in the uterus), number of corpora lutea (CL), sex ratio (M/F) in Group B compared to Group A (p>0.05) (Figures 4-9 ).
Discussion
Changes in body weight
Body weight of animals (Figure 2) in Group A and Group B was on a continuous rise over the period of confirmed pregnancy. This increase was statistically significant at days 7, 14, 21 and 28 of pregnancy in Group B compared to Group A (p<0.05). These findings correlated with those of Rommers et al. [17] who reported bigger litter size in rabbits with higher body weights (i.e., fed ad libitum) at first insemination.
Reproductive data
The reproductive data for Group A and Group B in Table 1 revealed that a conception rate (CR) of 100% was observed in Group A compared to 80% CR in Group B. This may be due to the doe irresponsiveness to the ovulatory hormonal treatment of (HCG) injection or the inability of the sperm to fertilize the vova. This was in agreement with the findings of Tawfeek and ElGaafary [18] who reported that natural mating yielded significant litter size at birth and at weaning compared to artificial insemination (AI) using HCG treatment (p<0.05). Oke and Iheanacho [19] reported that natural mating in rabbits produced a significantly higher conception rate of 79.9% compared to 56.4% in rabbits undergoing AI, in contrast with the findings of Khalifa [20] who reported an insignificantly higher conception rate in does that mated naturally. Sexual receptivity at insemination has been attributed to increase the number of live foetuses in rabbits after AI, associating it to a better fertility due to high numbers of pre-ovulatory follicles found in the ovaries and higher plasma oestrogen concentrations. [21] The connection between sexual receptivity and ovulation is limiting gestational failures which is high in non-receptive does. Therefore, sexual receptivity of does at insemination is associated with high prolificacy at birth. This result may be due to higher ovulation intensity, fertilization rate, and embryo survival in receptive does. [22] Abortion was observed in one doe on day 21 of gestation for Group B, while none occurred in Group A. This correlated with the findings of Hong et al. [23] and Ujhazy et al. [24] who observed death, abortion and premature birth in some dams. Figures 3 and 4 showed a significant increase (p<0.05) for Group B compared to Group A. These findings contradicted with those of Bonanno and Costanzo [25] and Mach et al. [26] who reported a significantly higher litter size at birth (p<0.01). The reason might be dependent on quantitative features such as the number of spermatozoa in the dose via sperm concentration. This stresses the importance of selecting the ejaculates according to mass motility prior to insemination, with regard to fertility. Rapt attention must also be paid to the characteristics of the insemination dose, and particularly the number of spermatozoa per dose which influences reproductive performance. This result corroborated with the findings of Bencheikh [27] who observed relationships between the number of spermatozoa, motility, pH and percentage of motile spermatozoa on the one hand, and fertility and litter size on the other hand. Bonanno et al. [28] attributed increase in the number of live foetuses to the efficient hormonal stimulation with gonadotropin which aided follicular growth, thereby increasing fertilizing power of the sperm at the site fertilization.
Statistical analyses on the total fetal numbers and number of live foetuses in
Caesarean section data of does
The sex ratio (M/F) showed no significant increase (p>0.05) for Group B compared to Group A bringing to the fore that more males and female rabbits were recorded in Group B compared to the Group A (Figure 8 ). This correlated with the findings of Hong et al. [23] who observed no statistically significant difference when comparing the parameters like sex ratio, litter size and implantation number after developing the sperm preparation method for AI in the rabbit. In rabbit does, ovulation occurs 10-12 hours after copulation. This time difference from copulation to ovulation has become a preconceptional mechanism influencing sex ratio in rabbits. [12] The probability for a Y-bearing sperm to be fertilized by an oocyte varies as environmental and hormonal changes in the oviduct could come into play between the first and last egg in polytocous species like hares and rabbits resulting to an asynchronous ovulation according to the hormonal hypothesis of James. [29] Early and late conceptions could determine the probability of producing more rabbit bucks within each litter. This correlated with the results of Vega et al. [30] study who reported that late inseminated does (AI: 4-6 hours before ovulation) produced a higher proportion of male kits (59%), which supports the hypothesis that insemination close to ovulation may favor fertilization by the earlier reacting Y-bearing sperm.
Statistical analyses on the total number of resorption/prenatal losses in Figure 7 showed a significant increase (p<0.05) in Group B compared to Group A. These findings correlated with those of Hong et al. [23] and Hafez [31, 32] who reported a significant increase in resorption/dead fetuses in contrast with the reports by Wolterbeek and Waalkens-Berendsen [33] that observed no statistical difference in early and late resorptions between both groups. This result highlights some of the disadvantages encountered during the process of AI pertaining to prenatal losses. Embryonic resorption is nowadays defined as prenatal death followed by subsequent degeneration and complete resorption of the conceptus. It usually occurs at the zygotic/embryonic stage of pregnancy and thus can be clearly differentiated from late pregnancy failure like abortion. [34] Embryonic resorption is generally associated with lack of clinical signs that precede the death of the conceptus. It is therefore also referred to as spontaneous embryonic resorption. Often a pathologic agent is not found, implying that non-infectious factors like hormonalimmunological factors, nutritional imbalances and metabolic diseases may be responsible for the death of the embryo. [35] In rabbits, embryonic fluid resorption was observed after administration of aglepristone. [36] Studies have shown that low serum levels of 17 β-estradiol precedes embryonic resorption in rabbits which indicates a signalling failure in the embryo. [37] Placenta weight (g) showed no significant increase (p>0.05) for Group B compared to Group A (Figure 8 ). This corroborated with the findings of Wolterbeek and Waalkens-Berendsen [33] who reported no significant difference in placental weights observed between the control group and the AI animals fed trehalose in the diet.
Uterine gravid weight (g) showed no significant increase (p>0.05) in Group B compared to Group A (Figure 9 ). This correlated with the findings of Wolterbeek and Waalkens-Berendsen [33] who observed no remarkable difference for gravid and empty uterus weight, ovary weight, carcass weight and net weight change (i.e. body weight gain from day 0 to day 29 of gestation minus gravid uterine weight), observed between the control and AI groups fed with trehalose.
The number of implantations (NIS) showed a significant reduction (p<0.05) in Group A compared to Group B ( Figure 5 ). This contradicts reports by Wolterbeek and Waalkens-Berendsen [33] and Hong et al. [23] who observed no statistical difference in the number of implantations. Reports by Williams et al. [38] who inseminated sperm numbers ranging from 0.25 × 10 6 to >200 × 10 6 motile sperm reported that the number of implantation sites on day 13 of pregnancy was reduced when fewer than 1×10 6 motile sperm were inseminated. This shows that insemination dose may play a major role in determining the maximal fertility. The significant reduc- tion in the number of implantation reported might be due to the action of phagocytic enzymes within the female reproductive tract, vagina expulsion through the vagina, enzyme dissolution or migration into the abdominal cavity. Low recovery rate can be attributed to sperm phagocytosis and dissolution within the vagina. More so, comparing the inseminate number, very few spermatozoa are transported through the cervix, it is unlikely the deficit could be as a result of the phagocytic action or mass migration from the oviduct and uterus into the abdominal cavity. [39] The insignificant increase reported in Group B that were inseminated may be due to high capacitation and the acrosome reaction taken place within in rabbits resulting in high numbers of fertilizable spermatozoa which further elucidated better and increased implantation.
Molecular mechanisms linked to this include an increase in membrane permeability to calcium, modification of the membrane structure, activation of the enzyme adenyl cyclase and conversion of the protein proacrosin to acrosin. This correlated with the study of Nadir et al. [40] who reported that the higher the dose, the greater the competition between spermatozoa at the site of fertilization, increasing the probability of an ovum being fertilized by normal sperm, ensuring both a good fertilization rate and normal subsequent embryonic development. This hypothesis could explain why the number of spermatozoa acts both upon fertilization rate and litter size.
The particulate fraction found in the seminal plasma of mammalian species plays an important role in reproductive physiology as shown by recent studies. These particles vary from one species to the other, because their secretion, function and biochemical composition arise from different accessory glands of the male reproductive system. These particles also modulate the process of capacitation, acrosomal reaction of spermatozoa, sperm kinetics and transit as well as immune-response in the female reproductive tract. [41] The average fetal weight showed no significant increase (p>0.05) in Group B compared to Group A (Figure 8 ) correlating the findings of Wolterbeek and Waalkens-Berendsen [33] who observed similar non-significant differences in the mean fetal body weight between the control and treatment groups.
No external abnormalities were recorded in both Groups A and B as shown in Table 2 at caesarean section, similar to the findings of Wolterbeek and WaalkensBerendsen [33] who reported that external observations of the foetuses and placentas at caesarean section did not reveal any remarkable findings which could be related to treatment of trehalose after AI.
Histological studies of the ovaries shed more light on the numbers of corpora lutea as shown in Figure 6 . No significant increase (p>0.05) was observed in Group B compared to Group A corroborating the findings of Boiti et al. [42] who observed that almost 20% of the rabbits have, at insemination, high plasma progesterone concentrations, associating it with an increased number of corpora lutea. Theau Clément [1] reported two generations of corpora lutea (from 11 to 33) 24 hours after insemination and it corresponded to the injection of the hormonal treatment.
The production of luteal progesterone from the corpus luteum helps maintain pregnancy, stating the need for the embryo to send out signals to prolong its life during the period of pregnancy. [43] Placental luteotropin in rabbits has been implicated as the embryonic signal for maintaining luteal hormone production during pregnancy. [44] Luteotropin sustains luteal function by follicular production of estradiol, the major luteotropic hormone in the rabbit. [45] Care should be taken during treatment with hormonal treatment during AI, because continuous use over a long period can reduce its efficacy. This phenomenon is correlated to the appearance of antibodies in the plasma of certain treated female animals. Cervantes [46] reported that the maintenance of the corpus luteum function is dependent on the presence of the conceptus and estradiol further, stating that the primary trigger for ovulation induction in rabbits has not been well understood, but a major role is played by the pituitary gland in ovulation occurrence.
Conclusion
AI in rabbits is well established in many researches, breeding facilities, farms and laboratories. The advantages of AI compared to natural mating in rabbits are numerous that they outweigh their disadvantages. In spite of these advantages, there are several drawbacks like immature spermatozoa, delayed fertilization and failure, fetal abnormalities and prenatal losses while conducting AI. The results of our study show that AI with sperm collected from the cauda epididymis of rabbits is viable and a useful tool in rabbit breeding, embryo-fetal developmental studies etc. This study also suggests that there may be clear advantages in the use of rabbits for AI because of its embryofetal developmental attributes which are similar to the human. This may make the rabbit a particularly suitable model for embryo-fetal developmental studies on offspring's and adult health, as significant insights into various aspects of reproduction will be gained by its application.
